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REMARKS 

Claims 1,3-4, 8-27, 55, 57-58, 62-81, and 109-1 10 are pending after entry of the amendments set 
forth herein. With this Reply and Amendment, Claims 1,3, 8-13, 16-18, 21-27, 55, 57, 62-67, 70-72, 75- 
81,1 09-! 1 0 have been amended. Claims 2 and 56 have been canceled without prejudice. Support for the 
amendments is found in (he specification and claims as original K tiled. No new matter has been added. 

Applicants reserve the right to pursue prosecution of any presently excluded claim embodiments 
in future continuation and/or divisional applications. 

Claim Objections 
Item B 

Claims 3 and 57 were objected to in view of a syntax error. Claims 3 and 57 have been amended 
to address the error. 
ItemC 

Claims 21-27 and 75-81 were objected to because the term "dose response" should be 
hyphenated. Claims 2 1 -27 and 75-8 1 have been amended to address the error. 
Item D 

Claims 24 and 78 were objected to in view of a syntax error. Claims 3 and 57 have been 
amended to address the error. 

In view of the amendments, to the claims, the Applicants respecttulh request that the objections 
be withdrawn. 

Claim Rejection Under 35 U.S.C, § 112, First paragr aph (Enablement) 

Claims 1-4, 8-14, 16-27, 55-58, 62-68, 70-81, and 109-1 10 are rejected under 35 U.S.C. § 1 12, 
first p i_ ec catioi while being enabling for a method of identifying a 

agonist using a G protein coupled receptor (GPCR) and arrest in, does not reasonably provide enablement 
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for a method of identit t g a on ->t using a transmembrane receptor (T1V1R), a biotogicaily active 
fragment of a TMR or where the cell further comprises biologically active fragments of arrestin. In view 
of the amendments to the claims and the remarks made below, this rejection is respectful]} traversed. 

As the Applicants understand it. the rejection is based on an alleged lack of enablement for the 
follow ing elements: 

(a) all transmembrane receptors (TMRs): 

(a) biologically active fragments of TMRs; and 

(c) biologically active fragments of arrestin. 
Bach element of the rejection is addressed individually in greater detail below. 

(a) all transmembrane receptors (TMRs) 

The Office Action notes that the specification, as well as the art, is enabling for GPCRs. 
Therefore, in the spirit of expediting prosecution and without conceding to the correctness of the 
rejection, the claims have been amended to recite G coupled protein receptors (GPCRs). 

(a) biologically active fragments of TMRs 

As noted above, the claims have been amended to recite GPCR. With respect to the "biologically 
active fragments", the claims have been amended to recite "a modified GPCR". A modified GPCR is 
specifically defined in the specification on page 8, paragraph [0037]. In addition, the specification also 
provides examples of modified GPCRs. including those described in U.S. Patent Application Serial 
Numbers 09/993,844 (now U.S. Patent No. 7,018,812) and 10/054.616 (U.S. Published Patent 
Application No. 2003/0049643) (Specification, page 8, paragraph [0037]). 

Furthermore is suggested in the Office \ction. the claims have als; been intended to lurthei 
define the biological activity of the modified GPCR. Specifically, Claims 1 and 55 have been amended to 
recite "a modified GPCR capable of activating intracellular signaling". 

(c) biologically active fragments of arrestin. 

As suggested in the office Action, the claims have also been amended to further define the 
•> \ < i ■> i«s m, ^ have been amended to recite "a fragment thereof capable of binding 
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a GPCR". Examples of arrestin fragments that are capable of binding a GPCR include the (i-arrestin 3 1 8- 
419 fragment (Exhibit A: Pierce et a!., PNAS 97(4): 1 489-1 494 (2000)) and the (3-arrestin 1-393 truncated 
form (Exhibit 8: Kovoor et ai„ JBC 274(1 1 )683 1-6834 (] 999)). 

As such, the Applicants respectfully request that the rejection of Claims 1 -4, 8-14, 1 6-27, 55-58, 
62-68, 70-81, and 109- 110 be withdrawn. 

Claim Rejection Under 35 U.S.C, § 112, First paragraph (Written Description) 

Claims 1-4, 8-14, 16-27,55-58.62-68, 70-81, and 1 09-1 1 0 are rejected under 35 U.S.C. § 112, 
first paragraph, as allegedly failing to comply with the written description requirement. Applicants 
respectfully traverse. 

As noted above, in the spirit of expediting prosecution and w ithout conceding as to the 
correctness of the rejection, the claims have been amended to recite GPCR. The claims have also been 
amended to further define the biological activity of the modified GPCRs and fragments of arrestins. 
Moreover, the Applicants also provide herein examples of modified GPCRs that are capable of activating 
intracellular signaling (including U.S. Patent Application Serial Numbers 09/993,844 (now U.S. Patent 
No. 7,018,812) and 10/054,6! 6 (U.S. Published Patent Application No. 2003/0049643) and arrestin 
fragments that are capable of binding a GPCR (Exhibits A and B). 

Therefore, the pending Claims are in compliance with the written description requirement of 35 
U.S.C. § 112, first paragraph. In view of the foregoing, Applicants respectfully request that the rejections 
of Claims 1-4, 8-14, 16-27, 55-58, 62-68. 70-81, and 109-1 10 under 35 U.S.C. § 1 12, first paragraph, be 
withdrawn. 
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Claim Rejection Und er 35 t.S .C. $ 112 (second paragraph) 

The Office Action has rejected several claims under 35 U.S.C. § 1 12, second paragraph, for 
allegedly being indefinite and failing to distinctly claim the subject matter regarded as the im ention. 
Each item of the rejection is addressed in detail below. 

ItemB 

The Office Action has maintained the rejection of Claims 1 and 55. In maintaining the rejection 
the Office Action asserts that it would not be apparent to an artisan what constitutes a "biologically 
active" fragment of a TMR or an arrestin. As noted above. Claims 1 and 55 have been amended to 
remove the objectionable language and to recite "GPCR or a modified GPCR and an arrestin. or a 
fragment thereof capable of binding a GPCR". 

Item C 

Claims 1-4, 8-14, 16-27, 55-58, 62-28, 70-81, 109, and 1 10 stand rejected because the phrase 
"and wherein the signaling is activated as compared to" is allegedly unclear. Claim 1 and 55 have been 
amended for clarity to recite "and wherein GPCR signaling is activated in the presence of the test 
compound as compared to GPCR signaling in the absence of the test compound" as suggested in the 
Office Action. 

ItemD 

Claims 1-4, 8-14, 16-27, 55-58, 62-28, 70-81, 109, and 1 10 stand rejected for allegedly omitting 
an essential element. Claims 1 and 55 have been amended for clarity to recite "wherein a reduction in 
GPCR internalization in the presence of the tesl compound as compared to the control compound 
indicates the test compound is a GPCR agonist capable of activating GPCR signaling while exhibiting 
reduced GPCR internalization". Moreover, Claims i and 55 have also been amended to provide the goal 
of the method in the conclusion step. 

Item E 

Claims 2, 10, 11, 56, 64, and 65 have been rejected for failing to spell out the acronym ""GPCR"' 
• ^e • i\e been amended to recite "G protein coupled receptor (GPCR)". 
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Item F 

Claims 3, 9, 12, 13, 21, 22, 24, 26, 27, 57, 63, 66, 67, 75, 76, 78, 80. and 81 have been rejected 
for providing insutTieieiM antecedent basis in the claims. Claims 1 and 55 have been amended for clarify 
to recite "measuring internalization of the GPCR" in element (d). In addition, dependent claims 3. 9. 1 2. 
13, 21, 22, 24, 26, 27, 57, 63, 66, 67, 75, 76, 78, 80, and 81 have been amended to recite "the 
internalization". 

Item G 

Claims 9 and 63 have been rejected for missing an essential element. Claims 9 and 63 have been 
amended to recite "determining the localization of the GPCR" 
Item H 

Claims 1 7, 1 8, 71 , and 72 have been rejected for alleged lack of clarity and omitting an essential 
element, Claims 1 7 and 71 have been amended for clarity to recite "wherein the steps (a) - (I) are 
repeated, and wherein the GPCR used in the repeated steps is from a different species than the GPCR 
used in steps (a) - (f)". In addition, Claims 1 8 and 72 have also been amended for clarity to recite 
"wherein a test compound that is used in steps (a) - (f) is not used in the repeated steps". 

Item I 

Claims 24, 25, 78, and 79 have been rejected for clarity because the terms "reduced" and 
"greater" are alleged!) arbitrary . Applicants respectfully disagree. 

MPEP §2 1 73.05(b) notes that "[t]he fact that claim language, including terms of degree, may not 
be precise, does not automatically render the claim indefinite under 35 U.S.C. 1 1 2, second paragraph". 
The M PEP further notes that if a relative term is used it must be determined whether a standard is 
disclosed or whether one of ordinary skill in the art would be apprised of the scope of the claim. 

Claims 24. 25, 78, and 79 all provide a reference point, or standard, to which the relative term can 
be compared. For example, amended Claims 24 and 78 recite that the "dose-response curve for the 
in t ai / it i n re nent n the presence of the test compound is l ess th an the dose-response curve 
for the internalization measurement in the presence of the control compound". Therefore, the claims 
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specifically provide a reference point for determining "less than" as being compared to the measurement 
in the presence of the control compound. In addition. Claims 25 and 79 recite that the "dose-response 
curve for the signaling measurement in the presence of the test compound is approximately equal to or 
greater than the dose-response curve for the signaling measurement in the presence of the control 
compound". Therefore, the claims specifically provide a reference point for determining "greater than" as 
being compared to the measurement in the presence of the control compound. 

Since the claims include a standard within the claims that defines the reference point for the 
relative term, the claims cannot be ambiguous and lack clarity. Therefore, the applicants respectfully 
request that this rejection be withdrawn. 

Item J 

Claims 55-58. 62-8 1 . and 1 10 have been rejected allegedly being unclear as to which 
"compound" steps (c) and (d) refer. Claim 55 has been amended in steps (c) and (d) to recite "test 
compound" in order to clarify the specific compound. 

Accordingly, in view of the amendments to the claims and the remarks made herein, the 
Applicants respectfully request that these rejections he withdrawn. 

Claim Rejection Under 35 U.S.C. § 102 

Claims 1-3, 5, 9, 1 1-13, 16, 20, 55-59, 63-67, 70, and 74 are allegedly rejected under 35 U.S.C. 
§ 102(b) as being anticipated by Barak et al. (US Patent 6,1 10,693). In view of the amendments to the 
claims and remarks made herein, this rejection is respectfully traversed. 

"A claim is anticipated only if each and every element as set forth in the claim is found, either 
expressly or inherently described, in a single prior art reference.'''' Verdegaal Bros. v. Union Oil Co. of 
California 2 USPQ2d 1 05 1 , 1 053 (Fed. Cir. 1 987), emphasis added. See also, MPEP §2131. 

Amended Claims 1 and 55, recite in part, methods of identifying G coupled receptor (GPCR) 
agonist, wherein the GPCR agonist is capable of activating GPCR signaling while exhibiting reduced 
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GPCR internalization as compared to a control compound. As such, the method requires measurement of 
GPCR internalization and measurement of GPCR signaling at two or more time points (Claim 1) or 
GPCR signaling at one or more concentrations of the teM compound (.Claim 55). 

In contrast. Barak o< ai. is directed in pari to a method of screening a test compound for GPCR 
agonist activity, with a cell expressing a GPCR and an arrestin detectable molecule conjugate, exposing 
the cell to a test compound, and detecting movement of the detectable molecule to the membrane edge 
after exposure of the cell to the test compound. The cited reference does not teach measurement of both 
(1) GPCR internalization and (2) GPCR sigt tiling at vai bus time points or concentrations of test 
compound in order to identify a GPCR agonist capable of activating GPCR signaling while exhibiting 
reduced GPCR internalization. 

Accordingly, since Barak et al. fails to teach each and every limitation found in the claims, the 
cited reference cannot anticipate the claims. Therefore, the Applicants respectfully request that this 
rejection be withdrawn. 

Claim Rejection Under 35 U.S.C. S103 

Claims 1-4, 8-14, 16-27, 55-58, 62-68, 70-81, and 109-1 10 have been rejected under 35 U.S.C. 
§ 1 03(a) for allegedly being unpatentable over Barak et al (U.S. Patent 6, 1 1 0,693) in view of Knudsen, et 
ai (WO0246763). In view of the amendments to the claims and remarks made herein, this rejection is 
respectfully traversed. 

To establish a prima facie case, three basic criteria must be met: (1) the prior art must provide one 
of ordinary skill with a suggestion or motivation to modify or combine the teachings of the references 
relied upon by the Patent Office to arrive at the claimed invention; (2) the prior art must provide one of 
ordinary skill with a reasonable expectation of success; and (3) the prior art, either alone or in 
combination, must teach or suggest each and ever) limitation of the rejected claims. The motivation to 
modify and/or combine references and the reasonable expectation of success, must come from the prior 
art, not Applicants' disclosure. In re Vaeck 20 USPQ2d 1438 (Fed. Cir. 1991 ). See also MPEP § 2142. 
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The present invention is directed to methods of identifying a GPCR agonist capable of activating 

GPCR signaling while exhibiting reduced GPCR internalization as compared to a control compound. As 

such, the method requires measurement of GPCR internalization and measurement of GPCR signaling at 

two or more time points (Claim I J or GPCR signaling at one or more concentrations of the test compound 

(Claim 55). Therefore, both of (!) GPCR internalization and (2) GPCR signaling over a period of time or 

at various concentrations of the test compound lead to the proper identification of a GPCR agonist by the 

recited method. 

As noted above Barak el al. fails to teach measurement of both (1) GPCR internalization and (2) 
GPCR signaling over a period of time or at various concentrations of the test compound. Knudsen, et al. 
has been cited for teaching a method of detecting the level of GPCR bound arrestin to screen chemical 
libraries, such as combinatorial chemical libraries, including chemical compounds that have been 
synthesized from a synthetic series of reactions. As such, Knudsen. et al. also fails to teach the combined 
measurement of GPCR internalization and GPCR signaling. 

Based on the individual or combined teaching of Barak et al. and Knudsen, et al., one of skill in 
the art would only be able to identify an agonist of GPCR that promotes binding of arrestin to the GPCR. 
The combined teaching of the references would not identify a GPCR agonist capable of activating GPCR 
signaling while also exhibiting reduced GPCR internalization as compared to a control compound. As 
described in greater detail in the present application, internalized GPCRs are not responsive to agonists or 
ligands. resulting in an attenuation of the signaling ability of the GPCR. Therefore, both of ( 1 ) GPCR 
internalization and (2) GPCR signaling lead to the proper identification of a GPCR agonist by the recited 
method. 

As described above, Barak et al. fails to teach every element of the claimed methods. The 
secondary reference, Knudsen et al, does not cure the deficiencies of Barak et al. Therefore, none of the 
cited references, individually or in combination, teach or suggests the instant invention. Therefore, the 
Applicants respectfully request that this rejection be withdrawn. 
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CONCLUSION 



Applicants respectfully submit that the claims are now in condition for allowance and early 

notification to that effect is respectfully requested. If the Examiner feels there are further unresolved 

issues, the Examiner is respectfully requested to phone the undersigned at (4 1 5 ) 442- 1 000. 

Respectfully submitted, 

MORGAN, LEWIS & BOCKfUS LLP 



Telephone: (415) 442-1000 
Facsimile: (415)442-1001 

Enclosures: 

• Exhibit A: Pierce et al„ PNAS 97(4): 1 489- 1 494 (2000). 

• Exhibit B: Kovoor et a!., J BC 274( 1 1 )683 1 -6834 ( 1 999). 



I-SF/75I4649.1 



Customer Number: 67374 

Morgan Lewis & Bockius LLP 
One Market Street. Spear Street Tower 
San Francisco, CA 94105 




Filed Under 37 C.F.R. 1.34 
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Role of endocytosis in the activation of the 
extracellular signal-regulated kinase cascade 
by sequestering and nonsequestering 
G protein-coupled receptors 

Kristen L. Pierce, Stuart Maudsley, Yehia Daaka, Louis M. Luttreli, and Robert J. Lefkowitz* 

Howard n g tl t r 1 r - ' i- r i r _ i f 
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Acting through a number of distinct pathways, many G protein- 
coupled receptors (GPCRs) activate the extracellular signal-regu- 
lated kinase (ERlQ/mttogen-activated protein kinase (MAPK) cas- 
cade. Recently, it has been shown that in some cases, clathrin- 
mediated endocytosis is required for GPCR activation of the 
ERK/MAPK cascade, whereas in others it is not. Accordingly, we 
compared ERK activation mediated by a GPCR that does not 
undergo agonist-stimulated endocytosis, the «2a adrenergic recep- 
tor {«2A AR), with ERK activation mediated by the ji 2 adrenergic 
receptor (f} 2 AR), which isendocytosed. Surprisingly, we found that 
in COS-7 cells, ERK activation by the a 2A AR, like that mediated by 
both the 02 AR and the epidermal growth factor receptor (EGFR), 
is sensitive to mechanistically distinct inhibitors of clathrin-medi- 
ated endocytosis, including monodansykadaverine, a mutant dy- 
namin 1, and a mutant /j-arrestin 1. Moreover, we determined that, 
as has been shown for many other GPCRs, both otja and 0a 
AR-rnediated ERK activation involves transactivation of the EGFR. 
Using confocal immunofluorescence microscopy, we found that 
stimulation of the ji 2 AR, the « 2 a AR, or the EGFR each results in 
internalization of a green fluorescent protein-tagged EGFR. Al- 
though Jtfa AR Stimulation leads to redistribution of both the ft> AR 
and EGFR, activation of the « 2A AR leads to redistribution of the 
EGFR but the <ija AR remains on the plasma membrane. These 
findings separate GPCR endocytosis from the requirement for 
clathrin-mediated endocytosis in EGFR transactivation-mediated 
ERK activation and suggest that it is the receptor tyrosine kinase or 
another downstream effector that must engage the endocytic 
machinery. 

M any G protein-coupled receptors I GPCRs) have been 
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(ERK)/mttogen-at:tivatud .hum, kinase i V APR) cascade. Re- 
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ai j a, il ,'iL'K rece itoi (8, ! 'i the C.'Bi cunnabinoid 
receptor (10). the m3 muscarinic receptor ill. the CXCR2 HZ, 
the k opioid receptor (13) and t LC hiadvko i. .n.i-ii 
have been shown to be tndepende ,i ( i< ,i I ., - - 5 
some ui-.es u I i t V \ PF _ t 1 i i„ t 

been shown to be both s* n itivc nid in ensitive to inh b tots ol 
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One major pathway ol GP< R mediated MAPK activ; n 

converses with the pathway used bv manv receptor tyrosine 
kinases (RTKs) ( 5) (Scheme i ITiis pat *a> knowi is RTK 
'■transactivation." has been demonstrated for man;, GPCRs. 
including the LPA receptor, the thrombin receptor, and the 
endotheiin receptor (16 -18). In this pathway. GPCR stimulation 
leads to the release of G ;iv subunits, which, through unknown 
effectors, leads to activation and tyrosine phosphorylation of 
RTKs, such as the epidermal growth factor receptor (EGFR) 
(16). Subsequent to RTK phosphorylation, the steps involved in 
( U'Ck .nrcd.aicd and RTK-nicdiatcd h KR acte.ation ,oe hulls- 
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Materials and Methods 

Materials, Tyrphostin AG 
Caihiochcra, monodansyl 



EGFR antibodies were from Upstate Biotechnology (Lake 
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Plasmids. HA-ti M was obtained from Brian Kobiika {Stanford 
Univ.;, /j-arrcstin i 318-419 from J. L. Benovic (Thomas 
Jefferson Urm . FCI R iic , / .m,. t pn tin tGFP) from 
A. SorKin (Unix l * C i d 1 lith Sciences Center), and 
HA- ERK- 1 from J. Pouyssegisr (Univ. of Nice). Ail other 
pLismids vvete cotistrucle-j in out laboratory 

Tissue Culture. COS-7 cells were maintained in DMEM contain- 
ing 10% fetal bovine scrum and lull ,u.g. ml gemamicin. HEK293 
cells were maintained m modified Eagle's medium containing 
10% fetal bovine serum and 100 (.is: ml eemarnicm. Cells were 
transiently transfected b\ using I ipolcctummc as described (16). 
Experiments were performed 2-3 days posttraiisfect.on, and in 
all cases, ceils were serum starved overnight in medium con- 
taining 10 irtM He pes, 0.1% BSA. and 100 jxg/ml gentamicin. 
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i. Serum starved tnuistcete.i ceils were ex- 
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Fig. 2. The effect of chemical andtransfectable inhibitors of clathr in-mediated endocytosis on i« A AR- and/3 3 AR-mediated ERK 1/2 phosphorylation. (A) Cells 
transiently expressing the o IA AR-, the ji% AR-, or vector-transfected cells were pretreated with 300 t M MDC before a 5-minute stimulation with 1 ,M UK 14304 
{left), 1 pM isoproterenol (Center), or 10 ng/ml EGF (Right). Aliquots of whole-cell lysate (approximately 30 ( .,g o< protein per lane) were resolved by SDS/PAGE, 
and ERK 1/2 phosphorylation was detected by protein immunobfotting by using rabbit polyclonal phospho-MAP kinase-specific IgG. Data are expressed as the 
fold ERK 1/2 phosphorylation over the basal value in appropoate transfer el c r he data shown are the mean ' SEM of four independent experiments. 
(8) Ceils in 100-mm dishes were transiently transfected with a HA-tagged ERK-1 plasmid (0.5 M g) together with the a JA AR (2 ^g, Left), the ft AR (2 jig. Center), 
or pCDNAB (flight) alone or with either dynamin f Y231F/YS97F (7.S M g) or (j-arrestin 1 318-419 (7.5 /xg). One day after transfection, cells were split into two 
100-mm dishes and serum-starved ovemic.h; Afun -.timuld'.ioft for 5 minutes with either 1 00 n'J u<Mi04 AR), 1 iM sopi otereitoi AR). or 1 ng, ml EGF 
(EGFR), cell iysates were prepared, and the HA-ERK-i was immunoprecipitated. Imr» i r | pho-ERK 1/2 and a total ERK 

I/? antibody Under each tend ecn data are o.,pioa,ed as the fold i 3K 1:2 phosphorylation over the anstie-uoateo. Data shown ere the mean SbM of three 
independent experiments. 



anti-HA affinity beads and rotated for 4 hr ai 4'C, the immune 
complexes were washed twice with cold L'jyeeioi j\ s,s butler, 
donauired i 2 • I u if i simple t itt i i I t i 
on SDS/PAGE gels. The protein- v.eu i Seated to poly(vi- 
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io l ined as described (16). 

ERK 1/2 Phosphorylation. Vrjt.i otr ed : cells grown in 

1 2 \Sei. t .1 II 1 e ] VCtil t,i s , ti 11 :li L 

t 1,1 d - i i i ' i _ .i n I 

1 ; - . ; - , , j i ae i 

P.IOSp', ! His , _ „ Isoete 1 i-i a i - 1 

i.i.i -<t p. \e .a , „,•.,,,, LRk , : au: L a.ti' J' f'New 



Immunofluorescence Microscopy, lit k 2 ^e t s e it 1 \ 

pressing H^e- .p cued , \Ks.,jl \Rs , - t 

an F.GI R ill is reici 23) vcrc vi on sterile 
coversiips. BoK-u - .r-.u.att.- , c-.t cv-t.ip; >m i^vptots were 

i i e. ati i t rl J u , i , 

anti H \ i.t \i . C - uk t >. , i i , ^ 1 ft 

1 " f s r ( 1 e e I h -t 1 •+ I % 

, '-..'i. I 11 1 tit ng/i i , i 1 seed ,i 4% 

paraforma.d. i „ t u t e t r t s . pviM ti.etf i i 
Zeiss L-SM-510 laser scanning m j,ih e h\ js„ a a /o« 
100X oil-iim.i t ' . 1 i % i*s_ , en kttedby 
using *' - Zc.-., s id r Vc i . -, ,:c,u .a mode hv 

MKJua,L' i s, s , j,.t - s - 

590-610 nm) filler sets. Specificity of labeling and absence of 



A 



«2A AR Transfected 4 p 2 AR Transfected e-. pcDNA3 Transfected 

</// 'v/ "// 



Rg, 3. UK14304, isoproterenol- and EGF-stimulated tyrosine phosphorylation of the EGFR and the effect of the EGFR-specifictyrphostin, AG 1478, on « JA AK- 
and ft AR-mediated ERK 1/2 phosphorylation. (A) Serum-starved C05-7 cells transiently expressing the ai& ARor p 2 AR or pC0NA3 were stimulated with 1 mM 
UK14304, 1 jj.M isoproterenol, or 10 ng/m! EGF for 2 min. Monolayers were lysed in glycerol lysis buffer, and endogenous EGFRs were immunoprecipitated by 
using a sheep anti-human EGFR polyclonal antiserum. Immunoprecipitates were resolved by SDS/PAGE, and EGFR tyrosine phosphoryiation was determined by 
immunoblotting by using a horseradish peroxidase-conjugated anti-phosphotyrosine monoclonal antiserum as described in Materials and Methods. (£) Cells 
transiently cvcrexpreuing-lhe ou AR-, the ft AR-, or vector-transfected cells were preincubatedfor 1 S min with tyrphostin AG 1 478 {125 nM) before stimulation 
with isoproterenol (1 fiM), UK14304 (1 nM>, or EGF (10 ng/ml) for 5 min. ERK 1/2 phosphorylation was determined from whole-cell lysates as described in 
Materials and Methods- Data shown are the mean ± SEM of four independent experiments and are normalized to the level of ERK 1/2 phosphorylation in 
untreated ceils. 
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After t- 



ifocai microscopic images depicting 
bulion of HA-tagged 0j AR (a, d, and g), and EGFR-GFP (23) 
■re INS; a-c) and after 30 m:n exposure to isoprcicrc-no' kf ' j 
1 0 in 293 cells. In the absence of agonist both ft AR and 
g was predominantly confined to the plasma membrane (c). 
o isoproterenol, a portion of both receptor pools redistrib- 
rt intracellular cor" partner.'. ( i). Aner extio; -re U: EG-", r:-ri:it.':l , n. , :i:n • 
of the EGFR-GFP, but not the ft AR, was observed (i). Qualitatively similar 
results have been obtained in COS-7 cells. 



the EGFR in COS-7 cells all depend on clathrin-mediated 

endocytosis. 

One pathway by which many GPCRs have been shown to 
activate ERK is "via transactivation of RTKs. including the 
EGFR. For instance, the ET-1, LP A, and thrombin receptors in 
Rat- 1 cells (17, 18) She I. PA (20), ami the ft< adrenergic receptors 
(28) in COS-7 cells each activate MAPK via transactivation of 
RTKs. To establish whether, in COS-7 cells, the a 2A AR- and ft 
AR-mediated activation of ERK 1/2 proceeds via a transacti- 
vation-dependent mechanism, we pes formed two experiments. 
First, we measured the ability of UK 14304 and isoproterenol to 
stimulate increased tyrosine phosphorylation of the EGFR in 
cells expressing the a JA AR or the ft AR, As previously reported 
for several GPCRs including the a 2A AR, the LPA receptor, and 
the thrombin receptor (16), UK14304, isoproterenol, and EOF 
Stimulation each increases UioMile pho-plva \ latum of the 
EGFR (Fig. 3/1). Second, we measured the ability of tyrphostin 
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and EGFR-induced ERK 1 .2 phosphorylation. As shown in fie, 
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Fig. 5. Th f UK 14334 a I r distrtbu i 

epitope-tagge'l \ or 1 M • l „ > r n I C i r « i nil r, a . fa m i.|t\ 
depicting the cellular distribution of HA-tagged a v . AR (a, d, and g), and 
EGFR-GFP (6, e, and h) before (NS; a, 6, and c) and after 30-min exposure to 
UK14304 (d-0 or EGf (p, ft, and j) in 293 cells. In the absence of agonist, both 

i li i talK i n ) v'.a\ ( i 1 n i i can^-ed to the i mi 
membrane (c). After exposure to UK.14304, the EGf-H G! 3 . 1 it no. m< 
redistributed to an Intracellular compartment ! f). A qualitatively similar pat- 
tern was observed after exposure to EGF, with redistribution of EGFR-GFP but 
not the KM AR 0). Qualitatively sit 
cells. 



both the ft AR and I he EGFR localize primarily to the c 
surface (<v Isoproterenol treatment of these cells leads to 
increase in the intracellular localization of both the ft, AR a 
the EGFR (d-f). EGF treatment of these cells, however, lea 
;o an increase in EGFR locait/cd inside the ceils, whereas the 
the cell .surface (g-i'l As shown m Fig. 
of cciN cspiessiiie both the x AR and ihe FG1 
with either UK14W (a ' i oi I Gl (g i leads to increas 
inn aceiiLiiiii- locaiia.ati.aii ot tin c hGFR. v.herea.-, '..he ii.;..-. , A 
remains localized on the cell surface. Thus, although activati 
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menl of cells expressing 
the AR leads tn imernah/anan ot the traiisadivated I t 41; 
but not the « 2A AR. Our data suggest that GPCR-mediated 
transactivation of an RTK can lead to internalization of either 
the RTK alone (as is the case for the « 2A AR) or both the RTK 
and the GPCR (as is the ease for the ft AR). 
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proceeds via the transactivation pathway, a second major pathway cell types may account for the variable effects of clathrin-mediated 
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Arrestin proteins play a key rule in thedesen 
of G protein-coupled receptors (GPCRsi. Recently we 
proposed a molecular mechanism whereby arrestin 
preferentially binds to the activated and phosphoryl- 
ated form of its cognate GPCR. To test the model, we 
introduced two different types of mutations* into /i-ar- 
restin that were expected to disrupt two crucial ele- 
ments that make |3-arrestiii binding to receptors phos- 
phorylation-dependent. We found that two /J-arrestin 
mutants (Arg ias -» GIu and Asp 383 -* Ter) {Ter, stop 
codon) are indeed "constitutively active." in vitro these 
mutants bind to the agonist-activated /f .-adrenergic re- 
ceptor t/JjjAR) regardless of its phosphorylation status. 
When expressed in Xenopus oocytes these p-arrestin mu- 
tants effectively desensitize /:! 2 AR in a phosphorylation- 
independent manner. Constitutively active f3-arrestin 
mutants also effectively desensitize S opioid receptor 
(DOR) and restore the agonist-induced desensitization 
of a truncated DOR lacking the critical G protein-cou- 
pled receptor kinase (GRK) phosphorylation sites. The 
kinetics of the desensitization induced by phosphoryla- 
tion-independent mutants in the absence of receptor 
phosphorylation appears identical to that induced by 
wild type 0-arrestin + GRK3. Either of the mutations 
could have occurred naturally arid made receptor ki- 
nases redundant, raising the question of why a more 
complex two-step mechanism (receptor phosphoryla- 
tion followed by arrestin binding) is universally used, 



step of desensitization and the first stc| thali 
and/or receptor down-regulation, which puts it at the crucial 
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EXPERIMENTAL PROCEDURES 
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RESULTS AND DISCUSSION 
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•independent functional dese.i.sitization of p'.,AR and DOW by ^arre»tin-(.Ar«'*" -- Glu) and J3-arrostin-( 1-382). A and 
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i in ttd with i for > I I and Kud 4(8i. As indicated, some oocytes were also eoinjented with 8 ng ofcRNA for the 

of /3-arrestin either alone or together with 0.5 ng of (3ARK2 cRNA. All recordings were performed 3-4 days post-injection, 
ted currents were measured in 16 rnM K* buffer (8) at 80 mV holding potential. Tin agonisl elicited responses were adjusted by 
action as described E8) and normalised to the peak response. The short t rrtmt! /ices ;.liruu;-;h the trace* indicate when agonist 
discontinued and the corresponding antagonist perfusion started. Antagonist perfusion was used to determine the amount of 
or response. Calibration scales are the same for each trace (2 min). Representative traces depicting fi. 2 AR-aetivated current 
■id by 1 it* (3-agonist isoproterenol and reversed by 1 uM of (-(-antagonist propranolol (A), DOR-acr.vated current responses elicited 
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OTilv. Each bar represents the mean i S.E. from 4-16 separate oocytes, fi-arr. 0 arrestin. 
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though the express-, ,■»« I evc-l -■ of « I ! fo r res of j3-arrestin in oocytes 
were virtually the same (0.72 * 0.34, 0,90 ± 0.27, 0,85 ± 0.32, 
and. 1.44 ± 0.87 ng/Vg of total protein for wild type, (Arg 16a -» 
Glu), (1-382), and (1-393) forms, respectively). Apparently, 
faster desensitization in the presence of JJARK2 reflects stron- 
ger binding of the mutants to phosphoryluti-d receptor (Figs. 1, 
2), Because the peak agonist- induced p.AR and DOR responses 
were not significantly different, in oocvles expressing constitu- 
tively active ^-arrestins (compared with oocytes expressing no 
/3-arrestin or wild type <3-arrestin; data not shown), the mu- 
tants do not appear to be prebound to the receptor before 
agonist application. 

Our previous studies deuiim.stni'ed that the crucial GRK 
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